Merkel cell carcinoma (MCC) is an aggressive neuroendocrine tumor of the skin for which causative factors remain largely unknown. The site-specific risks of multiple primary cancers associated with MCC, which may provide insight into etiologic influences, have not been quantified in large population-based studies. We estimated the long-term risk of subsequent primary tumors after a first primary MCC (1,306 patients) and the risk of second primary MCC following other first primary cancers (2,048,739 patients) within 11 population-based cancer registries which report to the National Cancer Institute's Surveillance, Epidemiology, and End Results Program (1986-2002). Patients with first primary MCC were at significantly increased risk of developing a subsequent cancer [standardized incidence ratio (SIR), 1.22; 95% confidence intervals (95% CI), 1.01-1.45; observed (O = 122)], with significant excesses restricted to the first year after diagnosis (SIR, 1.71; 95% CI, 1.21-2.33; O = 39). Significantly elevated site-specific risks were observed for cancers of salivary gland (SIR, 11.55; 95% CI, 2.32-33.76; O = 3), biliary sites other than liver and gallbladder (SIR, 7.24; 95% CI, 1.46-21.16; O = 3), and non -Hodgkin lymphoma (SIR, 2.56; 95% CI, 1.23-4.71; O = 10). Nonsignificantly increased risks of 2-fold or higher were seen for chronic lymphocytic leukemia, and cancers of the small intestine and brain. A significantly increased 1.36-fold risk (95% CI, 1.19-1.55; O = 221) of MCC as a second primary malignancy was observed among patients with all other first primary cancers taken together. In particular, significant 3-to 7-fold excesses of MCC followed multiple myeloma (SIR, 3.70; 95% CI, 1.01-9.47; O = 4), chronic lymphocytic leukemia (SIR, 6.89; 95% CI, 
Introduction
The etiology of Merkel cell carcinoma (MCC), a rare and aggressive neuroendocrine neoplasm of the skin, is largely unknown (1) . MCC occurs most frequently in the elderly and is characterized by a high incidence of local recurrence, metastatic spread, and low survival rates (1) . MCC has been reported in association with sun exposure (2), immunosuppression in solid organ transplant recipients (3) , and in patients with AIDS (4) . Immunologic mechanisms are likely operant because case reports link MCC with chronic lymphocytic leukemia (CLL) and non -Hodgkin lymphoma (1) . Both immunosuppression and sun exposure have been cited in the increased risk of MCC after malignant melanoma (2) . Few studies, however, have had sufficient numbers to quantify sitespecific associations with other cancers; furthermore, bidirectional analyses of risk may provide insight into MCC etiology. Thus, we quantified the site-specific risk of tumors occurring after first primary MCC and the risk of MCC occurring after other first primary tumors in a population-based study of >2 million cancer patients.
Materials and Methods
Patients with a first primary cutaneous MCC or other first primary cancer were identified in 1 of 11 population-based cancer registries of the Surveillance, Epidemiology, and End Results (SEER) Program (1986 Program ( -2002 . 4 The histology code for MCC was first registered by the SEER Program in 1986. Patients with a first primary cutaneous MCC (n = 1,306) and patients with other first primary neoplasms (n = 2,048,739) were evaluated for subsequent cancer risk. Registry incidence files were searched for invasive primary neoplasms that developed at least 1 month prior to or after a diagnosis of MCC. Cancers occurring within 1 month of MCC were excluded from the analysis. Shorter latency periods are typically used to investigate possible common exposures associated with the first primary cancer as opposed to treatment effects that require longer latency periods. The 1 month latency period was chosen to focus on metachronous cancers. Third primary cancers observed in five patients were included in risk calculations. Secondary MCC following primary MCC were excluded from the analysis. One patient experienced two primary MCCs following a first primary kidney cancer, which are included in the risk estimates. Participating registries record initial therapy, which we categorized as surgery alone, any radiotherapy or chemotherapy, other, or unspecified. Treatment for MCC usually consists of wide local excision, with adjuvant radiotherapy administered to selected patients (5) . When given, chemotherapy typically consists of cyclophosphamide, doxorubicin, and vincristine, or cisplatin and etoposide, although there is no consensus on the optimal regimen (6).
Subsequent cancer risk was estimated by compiling personyears of observation beginning 1 month after cancer diagnosis until the date of death, date of last follow-up evaluation, or end of study (December 31, 2002) , whichever occurred first. Patients were not withdrawn from follow-up at the date of diagnosis of a second cancer; therefore, the analysis allowed for risk estimation of third or higher order cancers. SEER Program incidence rates specific for age, sex, 5-year calendaryear periods, and cancer site were multiplied by the accumulated person-years at risk to estimate the number of expected cancers. Reference rates included subsequent primary cancers in the numerator. The total numbers of observed and expected cancers were then summed, and expressed as the ratio of observed-to-expected cases (standardized incidence rate, SIR). Using approximate methods, 95% confidence intervals (CI) were calculated; exact methods were used for sites in which five or fewer cases were observed (7). Findings were considered significant for two-sided P < 0.05.
Results
A total of 1,306 patients (746 males and 560 females) was diagnosed with a first primary MCC (Table 1) . Patients were followed for a mean of 3.5 years (total person-years, 4, 627 Table 2 ). Nonsignificantly increased risks of 2-fold or higher were seen for CLL, and cancers of the small intestine and brain. Overall, 14 subsequent cancers [median latency, 1.6 years (range, 0.1-10.7 years)] had a histology similar to MCC: neuroendocrine (one salivary gland and one stomach), small cell carcinoma (SCC; one salivary gland, one extrahepatic bile duct, seven lung), or carcinoid (one stomach, one small intestine, and one appendix). A significantly increased 1.36-fold risk of MCC as a subsequent tumor was observed among patients with all other first primary cancers taken together (Table 3 ). Significant 3-to 7-fold excesses of MCC followed malignant melanoma, NHL, multiple myeloma, and CLL. Nonsignificant 2-fold excesses of MCC were evident following kidney cancer.
The clinical features of patients with MCC who subsequently developed cancer of the salivary gland, biliary sites other than liver and gallbladder, brain, and NHL are described in Table 4 . In all three patients with salivary gland carcinomas, MCC had presented in the head region within the preceding 16 months. Three cancers of extrahepatic bile ducts included one advanced-stage SCC. All brain cancers were glial cell in origin, with latencies of 0.1, 1.9, and 4.1 years, respectively. All cases of secondary NHL for which immunophenotype was specified were B cell, with antecedent MCC arising in the head/neck region or in the upper extremities.
Discussion
The current investigation represents the first, large quantitative study to evaluate the reciprocal risks of multiple primary cancers among patients with MCC. New findings include significantly increased risks of subsequent cancers of salivary gland, brain (men), and biliary sites other than liver and gallbladder. In addition, a significant association between multiple myeloma or CLL and secondary MCC was identified, and previous associations with NHL and malignant melanoma were confirmed.
Although MCC is usually cutaneous, a recent case series (8) indicates that MCC may arise in the salivary gland as a neuroendocrine SCC, consistent with observations in our study. Whether excess salivary gland cancers after MCC represent misclassification of metastatic MCC or the same disease process is unknown. All salivary gland cancers in our study were histologically confirmed, but immunohistochemical expression of cytokeratin 20 has been recommended to classify SCC tumors at this site as MCC (8) .
The significantly increased risk of brain cancer in men is noteworthy, but is based on small numbers and may represent a chance finding. Nonetheless, the chromosomal abnormality most frequently reported in MCC is a deletion of chromosome 1 (1p36), (9) and chromosome 1p and 19q deletions have recently been linked to human gliomas (10, 11) , the subtype observed in our study. Deletions of chromosome 1 have also been reported in association with the development of malignant melanoma and neuroblastoma, suggesting that a tumor suppressor gene may be located in this region (1) . The increased risk of MCC after malignant melanoma in our survey confirms a previous study, suggesting an association with sun exposure and possibly immunosuppression (2) . Both MCC and malignant melanoma derive from neural crest cells (5) .
The three cancers of extrahepatic bile ducts are unusual. The relatively long latencies (3.3. and 3.8 years) associated with the cases of adenocarcinoma minimize the influence of early surveillance bias as an explanation for the excess risk, although these tumors could have been detected during later work-ups for suspected hepatic metastases of MCC (12) . Risk factors for cancers of the extrahepatic bile duct include gallstones, tobacco and alcohol use, reproductive history (women), diet, and a history of ulcerative colitis (13) . Occurrences of MCC following multiple myeloma or NHL have been reported in descriptive studies or case reports, albeit based on small numbers (2-4, 14, 15) . We quantify these associations for the first time, documenting statistically significant elevations. Excesses of NHL both before and after MCC suggest the importance of immunologic factors in the etiology of MCC. However, it is important to note that significant excesses of NHL were restricted to the first year after MCC diagnosis, an observation which suggests a possible surveillance bias within the first year. The significant excesses we found for MCC after multiple myeloma, CLL, and NHL are new, and support previous reports (2, 14) which described MCC in association with B cell cancers.
The increased risk of MCC following malignant melanoma but lack of a reciprocal association is consistent with a previous study conducted by Miller and Rabkin (2) . These authors reported five malignant melanomas before the diagnosis of MCC and one malignant melanoma after MCC diagnosis. This observation may reflect the advanced age and high fatality associated with MCC resulting in decreased opportunity to develop subsequent primary tumors compared with patients with a first primary malignant melanoma.
Some of the 14 subsequent cancer cases with neuroendocrine, small cell, or carcinoid differentiation may represent misclassified, metastatic MCC. The most common secondary sites of involvement in MCC include the skin, lymph nodes, liver, lung, bone, and brain, (12, 16) ; however, metastases to the stomach, small intestine, pancreas, and testis have been documented (12) . Reports have estimated that f50% of patients with MCC will experience hematogenous spread and about one-third present with regional node involvement (17). Prommegger et al. (18) 
Several methodologic issues associated with populationbased studies of multiple primary tumors should be considered in interpreting our results. Registry strengths include the large number of available patients, enabling the quantification of site-specific risks, and minimization of the selection bias inherent in hospital or clinical series. Subsequent cancer risk may be underestimated due to patient migration outside SEER Program areas. Furthermore, our findings should be interpreted cautiously, given the small numbers in substrata analysis, which could generate several significant associations by chance alone. Although a priori hypotheses did not exist for cancers of salivary gland, biliary tract, and brain, the associated small P values support the legitimacy of these findings. An additional consideration in interpreting increased risks of secondary MCC may be due to steadily improving case ascertainment (19) . Since inclusion of MCC as a reportable cancer to the SEER Program, there may also be increased coding of tumors as MCC that may have previously been described as small cell or neuroendocrine tumors of other sites. It should always be kept in mind that multiple primary cancers can reflect the effect of a myriad of influences, including treatment, host factors, diagnostic surveillance, shared etiologic factors, natural history, common cellular origins, and gene-environment interactions (20) . In particular, due to the limited survival and older age at diagnosis of MCC, iatrogenic cancers per se are difficult to assess; the observed excesses within the first year likely reflect heightened surveillance, shared etiologic influences, or other factors.
The bidirectional evaluation of cancers associated with MCC may provide clues especially into shared etiologic factors. For example, cutaneous MCC may be closely related biologically to Table 2 ). Squamous and basal cell carcinomas of the skin are not reportable to the SEER Program, except for genital sites, and thus, are not included in the analyses. For sites with zero observed cases, the expected number of cases is denoted in brackets [n]. *Risk excludes all cancers occurring within 1 year of a primary MCC diagnosis. cRisk excludes nine MCC occurring within 1 month of another first primary cancer diagnosis [lung (n = 3), prostate (n = 2), melanoma (n = 2), NHL (n = 1), and larynx (n = 1)]. bMedian time from diagnosis of first cancer to diagnosis of MCC.
x P < 0.05. 
